Abstract. Maurice Potron (1872Potron ( -1942) is a French Jesuit and mathematician whose main source of inspiration in economics is the encyclical Rerum Novarum. With virtually no knowledge in economic theory, he wrote down a linear model of production in which he formalized the notions of just prices and just wages. As soon as 1911, he used the PerronFrobenius theorem to prove the existence of a positive solution and established a duality result between the quantity side and the price side of the model. He returned to economics in the 1930s, but in both periods he failed to make a lasting impression upon economists.
INTRODUCTION
In the harsh winter of 1942, with the German army occupying part of the buildings and requisitioning all available fuel, life was hard at the secondary school of Saint François-Xavier in Vannes, on the Atlantic coast of South Brittany (France). Too hard in any case for the French Jesuit mathematician Maurice Potron, who died there from pneumonia at the age of 69.
Apart from a short obituary in the Journal de la Société de Statistique de Paris (Barriol, 1942) and in the school journal, his death went unnoticed.
1 After the end of the Second World War his name occurred only sporadically in the scientific literature, and his contributions seemed destined to be relegated to footnotes of specialized works of mathematics.
Potron was inspired by it when he defined the notions of just price and just wage and examined their compatibility. However, when the encyclical and Desbuquois only relied on the judgement of "prudent and upright men" (Rerum Novarum, § 78) to determine justice in exchange, Potron arrived at the conclusion that the complexity of the economic problem, caused by the interaction of production levels and prices, prohibited prices from being determined by a simple decision of a committee of wise men. Instead, the assistance would be required of a " Bureau de Calculs" (1912a: 314(92) ). 6 One can interpret the core of Maurice
Potron's thoughts as a reflection on the mission and means of that Bureau.
Pupey-Girard had strong ties with the Potron family. For quite some time he lived in an apartment of Auguste Potron's Parisian building in the rue Saint Honoré, and the numerous Catholic associations he initiated or firmly controlled (like the Union du Sacré-Coeur, and even the very active Ligue Patriotique des Françaises!) benefited from generous support of various types, including accommodation in several floors of the same building. His missionary zeal was especially directed towards the students who wanted to enter the Grandes Ecoles, then to engineering students of the Ecole Centrale, and later to those of the Ecole Polytechnique. The Union d'Ingénieurs Catholiques, which he founded in 1895 and later transformed into the Union Sociale d'Ingénieurs Catholiques (USIC), is historically speaking the first union of engineers in France, created at a time when their importance in society increased as a result of technical transformations. The USIC, which had a religious goal, served simultaneously as an association of mutual aid, an employment service and a centre of reflection on the role of the engineer, and was highly successful. 7 Its first president was Auguste Potron. Among other religious activities, the USIC organised spiritual retreats for engineers and others in Clamart, in
Epinay sur Seine (Maurice Potron was there as the paymaster between 1907 and 1911) , and then at the Villa Saint Régis in Mours (this villa had been bequeathed by an aunt of Maurice).
To complete this panorama, we have to mention the social unrest in France at the beginning of the 20 th century. Social legislation was hardly developed, but the 'social question' was on the agenda as a result of numerous strikes and other actions organised by the trade unions, of both the reformist and the revolutionary camps (Mayeur and Rebérioux, 1984) . The pressing importance of the social question explains not only the evolution of the Church, concerned as it was about the dechristianization of the labouring masses, but also the gradual adoption of social laws in France, such as the introduction of the first retirement funds, the Sunday as a day of rest, the reduction of the labouring day to 10 hours of work (while the trade unions campaigned for a working day of 8 hours), etc. The issue of the number of working hours or working days per year is also of central significance in Potron's model, as we shall see.
Potron used his mathematical knowledge to formulate and to solve his economic model.
In 1904 he had obtained from the University of Paris a PhD in mathematics on a thesis entitled
Les Groupes d'Ordre p 6 . At that time one of the best specialists in finite group theory was the German mathematician Ferdinand Georg Frobenius (1849 Frobenius ( -1917 . 8 Most probably because
Potron already followed the work of Frobenius, he learned very early about Frobenius' theorem on positive matrices. By contrast, Potron mentioned Oskar Perron only in passing and even characterized him erroneously not as a German, but as a "Swedish mathematician " (1912a: 291 (70)).
The construction of the economic model
On 15 October 1911 Maurice Potron published a short version of his work in the Echo de l'Union Sociale d'Ingénieurs Catholiques, the house organ of the USIC. The introductory note announced several other publications in which the results would be developed in more detail.
The outline of the mathematical model and the statement of the main results were given in two notes submitted to the Académie des Sciences (1911b; 1911c known as X-Crise (Brun, 1982: 19-35 (1932) and L'Economique Rationnelle (1937) .
The interest of the polytechniciens in economics reflected their conviction that it should be possible to extend the application of the scientific principles which they successfully used in their engineering work to the machinery of the state. They had a solid command of the instruments of economic calculation, and they participated to the emergence of a system of national accounts, following Alfred Sauvy's example. 15 National accounting fulfilled a social need connected to the expansion of state intervention in the economy, through the creation of new institutions in response to the crisis of the liberal system. In combination with the Catholic influence in the circles of Polytechnique, these developments provided strong arguments in favour of a rational organisation of society according to principles which were not fundamentally different from the ones used in the organisation of production. This technocratic standpoint, which seems to have been shared by Potron, surely conflicted with the tradition of pure economics, but at least it made it possible to introduce badly needed new concepts and instruments into the study of social and economic problems.
It is in introducing the discussion of a lecture by Jacques Branger at the CPEE in 1935
that Robert Gibrat (polytechnicien and part of the élite running the French state) referred to recent work by Ragnar Frisch (1934) and its use of matrices. This induced Potron to react and to revisit his old economic studies. He wrote a long letter to Gibrat in which he explained that some of the concepts reminded him of his own work more than two decades earlier: "You have talked about a matrix of supplies and demands considered by Frisch. There is another, very interesting matrix, which I think I have been the first to take into consideration" (1935: 62(127) Undoubtedly, not all of those who wanted to learn more about the economic and social doctrine of the Church were prepared to sit through long digressions on "recent discoveries in the theory of nonnegative matrices". However, Potron did make an effort at communication, which is rather exceptional for him, and constructed a numerical example which went a long way towards making his model understandable for his intended audience: he proposed to study a simple imaginary economy inspired by the Biblical story of the Hebrews' manna and asked to calculate the number of households required to collect the manna, collect the fuel, bake the cakes, or do nothing at all, as well as the economic characteristics of the associated regime (1937c: appendix on the Hebrew's manna).
The failed diffusion of the economic model
In 1940 
POTRON'S ECONOMIC MODEL
The economic model presented by Potron remained remarkably stable over the years. In the second period (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) Potron expressed labour time in hours instead of days. A more noteworthy change is that in the 1937 lecture series, including the appendix on the Hebrews' manna, Potron assumed that the hourly wages are uniform per type of labour, independently of the firm, but later he occasionally mentioned that the assumption of non uniform wages may still be useful to solve certain problems (1937c: lecture 6, par. 9). Our formalization follows the uniform wages version and introduces some other simplifications to shed light on the core of the model (the principle and the justification of these simplifications will become clear in section 4.1 below). The symbols used differ from those adopted by Potron, which vary and are counter-intuitive.
Satisfactory regimes
Potron characterized an economico-social state by three matrices , , C L A and a crucial number N . 20 The first matrix C relates to the typical consumption profiles of the different social groups which exist in society. The annual consumption of a member of social group h
, these data being summarized by the ( ) × m n matrix C of consumption coefficients. A second set of constants describes the methods of production (one method per product), which are of the single-product type and admit constant returns. The production of one unit of i requires ih l hours of labour of social group h -which is identified with a profession -as well as ij a units of good j ( , 1, 2,...,
These data are summarized by the ( ) × n m matrix L of labour input coefficients and the ( ) × n n matrix A of commodity input coefficients. Finally, the last important constant is the maximum number of working hours in a year. This number, N, takes into account the usual periods of rest and holidays, as given by law or tradition.
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The level of total consumption depends on the number of consumers in each social group. Several remarks are in order here. First, Potron does not consider the total number of consumers in each group as given. Second, the consumption basket is not individual but also meets the needs of the family. Third, each social group comprises both labourers and non labourers, whom Potron designated as "simple consumers" (e.g., 1911a: 6(59)), and once as rentiers (1914a: 166 et seq.). Fourth, the consumption basket is the same for any member of a given social group, whether he be a simple consumer, a full-time worker (who works N hours per year) or a partially unemployed worker (who works less than N hours).
In formal terms, let h x be the number of labourers and h s that of non-labourers of type h; for the economy as a whole these unknowns are summarized by the ) 1 ( m × vectors x and s .
Domestic consumption by labourers of all types amounts to xC , and by non labourers of all types to sC . Let i y stand for the activity level of process i, which produces good i. The gross output vector of the whole economy is then equal to the ) 1 ( n × vector y , and the vector of intermediate or industrial consumption equal to yA .
According to Potron, the economic system must obey certain fundamental principles.
The principle of sufficient production states that enough is produced to meet industrial and domestic consumptions, i.e. the vectors y , x and s must be such that:
The right to rest stipulates that for each profession the yearly number of working hours does not exceed the maximum number of hours the members of that profession can work. This is expressed by the vector inequality:
A system which satisfies both conditions (1) and (2) is called a satisfactory regime of production and labour.
Potron also contemplated the price side of the economy. Here Potron's approach is firmly rooted in the scholastic tradition, in the sense that the principles he advocated are meant to reflect the ideas of just prices and wages. The principle of justice in exchange states that the price paid for a good is at least equal to its cost ("Thou shalt not steal"). Let p be the ) 1 ( × n vector of prices and w the ( 1) m × vector of hourly wages. Prices cover costs if the following holds:
The right to live is guaranteed if the annual wage earned by a labourer is high enough to enable him to buy the consumption basket corresponding to his social category. Assume first that all types of labourers work the maximum number of hours N . The right to live in this sense (1912a: 302 (80)) is written:
However, the number of actual hours at work is often smaller than the maximum number N.
Potron assumed that all workers of a given type h work the same number h t of hours (therefore, no worker is totally unemployed, and underemployment, which is shared equally among all workers of the same type, is represented at the individual level by the gap between N and h t ). For type of labour h and activity levels y , the total number of working hours amounts to ( ) h yL , i.e. the h-th component of vector yL , and the number of labourers is h x .
The number of actual hours at work is therefore
× matrix with the scalars h t on the diagonal. The right to live in this stronger sense is expressed by the vector inequality:
In Potron's terms, a system which satisfies conditions (3) and (4) is a simply satisfactory regime of prices and wages, whereas a system which satisfies (3) and (5) is an effectively satisfactory regime of prices and wages.
The quantity problem and Perron-Frobenius
Having set up the model, Potron immediately understood that the principles he laid out may not be compatible when taken together. For instance, the principle of justice in exchange calls for high enough prices with regard to costs, in particular to wages, whereas the right to live requires that wages are high enough with regard to prices (1912a: 290 (70)). In the language of mathematics, the compatibility issue can be translated into the question of the existence of a positive solution to a system of inequalities. The problem can be split into two sub-problems.
Consider first the quantity problem, which concerns the existence of a satisfactory regime of production and labour: do there exist positive activity levels y , positive labour allocations x , and nonnegative non-labour allocations s such that the conditions of sufficient production and the right to rest are fulfilled? By taking advantage of inequality (2), the requirement on vector y in inequality (1) (1)). In formal terms, the condition is written:
Potron often referred to an alternative condition: for 0 s ≥ , inequality (1) 
where I is the identity matrix. The dominant root ν of the matrix
is what Potron calls the "characteristic number of the economico-social state " (1912a: 305-6(84) ). The conditions (6) and (7) are equivalent, but the economic interpretation in terms of a comparison between the magnitudes ν and N is clearer.
Let us begin by examining the borderline situation, where N ν = . This situation lends itself to an interesting economic interpretation of the characteristic number. Consider the barest regime of production and labour which can be imagined: there are no simple consumers to be fed, not a single good is overproduced, and every labourer works exactly the maximum number of N hours per year. These conditions entail that we are confronted with a limit case of systems (1) and (2), with 0 s = and all previous inequalities relative to quantities turned into equalities. Then the labourers' total consumption basket is precisely equal to the net product they produce. Hence Potron's economic interpretation : the critical number ν stands for the "number of normal working [hours] that a labourer must provide so that the annual production obtained represents exactly the exclusive consumption of all labourers" (1913: 70 (119)).
The case N ν > characterizes a system with profound economic difficulties: no solution can be found, no matter how the system is twisted or turned. The economy will be obliged, "par la force des choses", to the only way out: a change of the economico-social state (1912a:
308 (87)). This can take the form of technical progress which decreases the characteristic number ν by increasing the efficiency of production or, alternatively, the form of an increase in N .
If N ν < , by contrast, there is reason to let the church bells toll: infinitely many satisfactory regimes are possible. There are degrees of freedom in the number of workers and non-workers of various categories, the distribution of workers among industries or professions, the number of hours worked by each profession, and the surpluses produced. Not everything is allowed, though, because the actual activity levels or the actual distributions of workers and non-workers might not meet the inequalities (1) and (2). The difference with the previous case, however, is that now "the cause of the evil is not inherent to the economico-social state itself; to remedy it, nothing needs to be changed to this state" (1912a: 310(88)): it suffices to change the proportions. (7) holds. The remarkable property Potron obtains is that the existence of a satisfactory regime of production and labour is a necessary and sufficient condition for the existence of a simply satisfactory regime of prices and wages.
Prices and duality theory
For economic theory and its applications, however, the significant notion is that of an effectively satisfactory regime (Potron ceased to refer to the concept of a simply satisfactory regime in his second period). Clearly enough, if the right to live is satisfied when workers are paid for their effective hours of work, it is also satisfied when they are presumed to be paid for the maximum number N of hours. Therefore, condition (7) remains necessary. A significant difference is that an effectively satisfactory regime of prices and wages can be built only when the actual numbers of hours of work are known, i.e. after the determination of a satisfactory regime of production and labour. In such a regime, inequality (1) 
The conclusion is that the price vector p and the wage vector Cp T w always be grafted on a satisfactory regime of production and labour, which itself exists provided that the characteristic number of the system does not exceed the maximum number of hours of work. The results connecting quantities and prices are prominent in Potron's writings from the very beginning (1911c), and the fact that Potron introduced the rather artificial concept of a simply satisfactory regime as a step to facilitate the analysis shows that he was conscious of the importance of this duality result, in modern parlance.
Ironically, Potron's ignorance of economics has provided a double creative stimulus to his thinking. On the one hand, Potron was not hampered by any methodological considerations about the legitimacy of using mathematics in economics. He went much further than most of his contemporaries in the application of mathematics, and even invented new theorems aimed at the solution of economic problems. On the other hand, treating prices as pure social conventions which can be modified at will constitutes a framework of reflection which is favourable to the emergence of the concept of duality, since the question is then reduced to the existence of such prices. By contrast, any positive explanation of prices puts additional weight on the duality theory, viz. it raises the question of the market implementation of these 'ideal' dual prices.
THE ECONOMIC AND SOCIAL ORGANISATION

Analysis of the social malaise
Potron's model is not only a tool for understanding the economic problems of his times, but also for conceiving a better social order and institutions which could solve the "economic malaise". This malaise manifests itself under two forms: unemployment on the one hand, and prices and wages spiralling out of control on the other. Already in his earliest writings Potron showed awareness of the interdependence and possible tension between quantities and prices, as can be seen from the (translated) title of his note "Relations between the question of underemployment and those of just prices and just wages" (1912c).work is that similar looking phenomena could cover two types of crisis of a very different nature, which his model could identify and distinguish. The distinction relies on a comparison of the characteristic number v of the economic system with the number N of legal working hours.
Consider the case N < ν . At given wages, the principle of justice in exchange then requires a rise of prices, but this swells the costs of living to levels which endanger the principle of the right to live. At given prices, the right to live requires a rise of wages, but this endangers the principle of justice in exchange. A never ending race between prices and wages occurs, the only way out being a change of the economico-social state itself (in formal terms, a change of C, L, A or N).
In the other case, N ν ≤ , a less radical sort of crisis is possible, due to inappropriately chosen activity levels, amounts of workers and rentiers, and prices and wages (in formal terms, bad choices of y, x, s, p or w). In this case too, a race between prices and wages may be set in motion (e.g. if firms stubbornly try to maintain their profit levels) (1935: 64(133); 1937c: lecture 6: par. 8), but in principle this could be stopped by an internal adjustment because the system's fundamentals are sound. Even when the existence of satisfactory regimes (both for production and labour, and for prices and wages) is guaranteed, the search for such regimes is easier when the difference − ν N is large. If the difference is zero, there is a unique combination of satisfactory values (up to a factor of proportionality). If it is positive, the set of possible solutions grows with − ν N . So the more the number of legal working hours exceeds the characteristic number of the economic system, the easier the system is manageable.
Potron did not express his model by means of the simple inequalities (1) to (5), but instead he opted for a system of equalities that are actually accounting identities. For example, instead of our inequality (1), he wrote down a mathematical equality of physical quantities: production = intermediate consumption + final consumption by workers and rentiers + overproduction and similarly for monetary magnitudes: price = physical cost of production + wage costs + benefits income of a worker of type h = cost of living of this worker + economies where overproduction, benefits (profits) and economies (savings) are additional nonnegative unknowns. In this way the number of variables is much higher than in our formalization and the set of solutions admits a number of degrees of freedom. Potron introduced the following distinction between the unknowns:
All the evil comes from the failure to recognize the distinction between principal unknowns and secondary unknowns. (133)).
In Potron's model, the principal unknowns are "production, the allocation of workers, prices and wages" (1935: 63 (130)), whereas the secondary unknowns are the components of the vectors of the rentiers, overproduction, unemployment, benefits of the firms and economies of the workers. Our formalization (1) to (5) follows Potron's distinction and emphasizes it by drawing attention to the principal unknowns only and ignoring the secondary unknowns (except the rentiers vector s: the reason for this particular treatment will appear in section 5).
This led us to replace Potron's accounting identities by inequalities.
The fact that the crucial issue is the determination of the principal unknowns does not mean that secondary unknowns are uninteresting. By combining his accounting identities, Potron emphasized that "the yearly sum of the firms' benefits and the workers' economies represents exactly the yearly total cost of living of the non-working consumers" (1937c: lecture 2, par. 5). 25 Without doubt, Potron's interest in this question was stimulated by his family background, many of his relatives being rentiers.
Is there a chance that the economic system spontaneously reaches a satisfactory solution?
This is a central question in economics, involving a study of the market mechanisms that respond to disequilibria with respect to prices or quantities. Manifestly, Potron had a limited knowledge of these writings, and his scepticism about the working of economic laws was sometimes explicit: "One often speaks about economic laws, rather vague for that matter, which revenge themselves on those who ignore them. I believe that the omission of the six systems of equations [Potron's accounting identities] is much more dangerous" (1935: 64 (133)).
Because satisfactory values (of the principal unknowns) do not develop spontaneously, an economic malaise often results. According to Potron, this problem calls for a different organization of society, according to principles laid out by the Roman Catholic Church. Potron advocated that it is by a "corporative organization, supported in case of need by law […] , that a supreme Arbitration Tribunal will be constituted, which will have the power to appraise and determine the expression of justice in exchange" (1912a: 314 (92)). Here Potron quoted Desbuquois's (1911) article on the Law of the Just Price, where Desbuquois's proposal for a tribunal closely follows Rerum Novarum. 26 Potron commended this principle, but pointed out that the Tribunal's wisdom needs some assistance because complicated mathematical problems are involved: "This Tribunal, once it is constituted, will, by the very nature of things, be faced with problems that are the object of this study. It will thus be useful to attach a Bureau de Calculs to it" (1912a: 314 (92)).
Collection and organization of the data
Potron's analysis is not limited to pure theory; it also reflects upon the practical role of the Bureau de Calculs. The activities must be based upon statistical data of production and consumption, collected and centralized by a competent statistical apparatus, and arranged in a vast and systematically structured tableau. In the notation of our section 3.1, this tableau takes
The m upper rows represent the "style of living" of the social groups, as described by the yearly consumption basket per member, and the n lower rows show the labour and commodity inputs necessary to produce goods, per unit of good produced. The m left columns provide information on the use of labour in the different industries, and the n right columns on the use of goods for domestic and industrial consumption. In Potron's numbering system the consumption goods are ranked first (he called these "units of the first kind" or "rations"), then the "mixed goods" (for example, Potron thought of coal, used both by households and industries), and then the pure capital goods (or "units of the second kind").
This hierarchy suggests that production adapts to consumption, but its special feature is that it reflects a practical procedure for the construction of the tableau in an industrial survey, as follows. As soon as the consumption goods are registered, the next step in the survey identifies their means of production, which are successively integrated in the tableau under construction, by adding columns (describing their use as inputs in the production processes of the already registered goods) and rows (describing their own production processes) (1937c: lecture 1, par.
3). In this way the tableau is expanding without disrupting the part already constructed. Potron depicted this tableau as a "sort of genealogical tree" (1942: 207(205-6) ), whose size stops growing when all goods have been identified.
Potron emphasized that the relevant data can easily be found in the "the account-books of industries, businesses, housekeepers, housewives" (1912a: 290 (70)). For the consumption coefficients of the different social groups, Potron suggested that "accurate indications are given by the collective contracts" and by "the household budget" of a provident worker (1937c: lecture 1, par. 2). For the production coefficients, the numbers can be found in the same way in the industrial account-books. And Potron himself showed it: "a short survey in a bakery" enabled him to identify "the production coefficients for the formula of the cost price of a two kilogram loaf of bread " (1912a: 297-9(76-8) ). Similarly, during a military term at the Poudrerie du Bourget, Potron needed only ten hours to compute the production coefficients for a sort of gunpowder called B-powder (1914a: 169-71; 1942 1912a: 315-16(92-3) ). Potron also thought he could rely on the self-interest of the producers, who would benefit from a better knowledge of their costs (see end of the 1942 paper). It is no surprise that Potron paid special attention to the quality of the industrial statistics in France, and so he wrote a letter to the Journal de la Société de Statistique de Paris, when he discovered that Alfred Sauvy's statistical programme did not specify how the labour time of each type of worker is distributed over each production process: "For my purposes, it is necessary that this distribution be specified" (1942: 208(206) ).
The determination of a satisfactory regime: action or prayer?
Potron saw no spontaneous economic coordination: "Everybody chooses [his own production level] in a haphazard manner, and then one is quite surprised to have […] a large amount of employment or huge overproduction" (1935: 64 (133)). The mission of the Bureau de Calculs will be to determine a satisfactory regime of production and labour, and of prices and wages.
To reach this objective, the tableau is a crucial tool.
The first problem is that of the very existence of a satisfactory regime. Taking into account the previous results and the equivalence between the relations (6) and (7) Suppose the condition is satisfied, thus ensuring the existence of satisfactory regimes of quantities and prices. How can they be computed? According to the duality result, the first step is to determine a satisfactory regime of production and labour. This defines the number of hours actually worked by each worker. Next, with respect to prices and wages, it is possible to eliminate the wages by combining inequalities (3) and (5), so as to reduce these to an inequality condition on prices only. In this procedure, each individual price inequality "can be constituted by a single producer, who has to take into account […] the standard of living of his own workers only. The determination of effectively satisfactory wages then does not cause any difficulty" (1937c: lecture 6, par. 10).
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Can the Bureau de Calculs fulfil its mission in this way? In 1912, Potron underlined the Bureau needs the support of the professional associations during the surveys, and even more when taking practical decisions "capable of inducing the progressive realization of an economic order in conformity with the general plan that God has drawn, but where He gives to men the task of carrying it out" (1912a: 316 (93)). There is, however, a certain ambiguity in Potron's thinking on this matter. When talking about possible remedies against economic crisis, he stated: "Computation cannot indicate the measures that should be taken to implement these changes. Here we meet questions where human freedom is at stake and which belong to the realm of pure economic science". Yet, a few lines further, he also claimed: "Computation can indicate which modifications to the regimes of production and labour, prices and wage, are certainly effective to end the malaise" (1912a: 310 (88)). The latter optimistic version dominates
Potron's discourse before the First World War, for example in an important paper (1914a) which has been overlooked by Abraham-Frois and Lendjel. In this unusually pedagogical publication, Potron adopted a confident attitude towards the practical possibility of compiling all the coefficients of the entire French economy. He estimated that there are about 10,000 different commodities, and that an average production process has about 200 nonzero input coefficients. So Potron claimed we need to compute about 2,000,000 nonzero commodity input coefficients, plus some sixty thousands labour coefficients. His mathematical background generated an optimistic judgement on the feasibility of his ambitions:
The number of these constants is undoubtedly considerable; but a logarithmic table for ordinary use (an octavo volume of some five to six hundred pages) contains always at least 250,000 numbers of six to seven digits each. At most ten volumes of this type will therefore suffice to contain all the constants in question. With respect to the annual modifications which will be induced by the progress of the economy, a small booklet will be enough; as a matter of fact, one octavo page easily contains 500 numbers. The first determination represents therefore only the work required to calculate ten or so logarithmic tables. The updating work is insignificant (1914a: 168).
In his later writings Potron became aware of the difficulties caused by the massive amount of numbers required and the statistical difficulties faced by the Bureau de Calculs. In his 1937 lecture series (1937c: lecture 6, par. 7) Potron estimated that there are at least one million different "economic units". 29 The complexity is effective as Potron did not aggregate the data:
in his example of a unit of bread, he listed 73 inputs, including 1/1,000,000 of a clock and 1/500,000 of an inkstand (1912b: 248-9(98-100) ). The amount of work involved is "practically insurmountable, and it is only by tâtonnements that we can find a solution" (1937c: lecture 6, par. 7). Things would have been easier "if one had started the calculations around a thousand years ago " (1935: 65(135) ), because at that moment the economic system involved much less equations. Potron remained convinced that updating the solutions every year would not be that big a problem, because the changes are small. The difficult issue is the determination of one initial satisfactory regime.
This explains Potron's interest in methods of approximation, when trying to determine a new satisfactory regime par tâtonnements, starting from a previous satisfactory regime. This interest is also related to Potron's remarks on the dynamics of population growth and technical progress. Potron stressed that the continuous growth of the population does not create computational problems (1913: 73-6(123-6) ), as long as the proportions between different social categories remain the same. The discovery of a new production method might imply a significant change of some production or labour coefficients, and thus might disturb the satisfactory character of the old regime: "Technical progress, which should bring more wealth to the people for less labour, can often cause miseries and ruins" (1935: 64 (133) 
CRITICAL REMARKS
We already drew attention to Potron's unusual treatment of prices and wages as purely arbitrary numbers which can be chosen freely. We now point out a few weak points of Potron's quantity system.
Let us first reconsider Potron's distinction between the principal unknowns (in the quantity system, this means the number of workers h x of type h and the activity levels i y ) and the secondary unknowns, like the variables h s , the number of nonworking consumers, which appear in our inequality (1). Potron emphasized that secondary unknowns can take on any positive value. An economic system, however, cannot support an arbitrary high number of nonworking consumers, unless total production and thus the total number of workers is arbitrary large. It is only in cases where Potron did not take total population as given, that he could treat the vector s of rentiers as a secondary variable. He was clearly aware that a satisfactory quantity system is defined by proportions between the variables, and that the size of the population is but a normalization factor. One could also defend Potron's distinction between principal and secondary unknowns by pretending it is of a purely mathematical order and constitutes a method for solving the set of equations, after which a factor of proportionality allows one to meet the total population constraint. But this pragmatic standpoint is not the one defended by Potron, when he stressed that the distinction is a crucial economic one (1935: 63, 64 (130, 133) ).
On some occasions (for example 1936: first page; 1937c: lecture 2, par. 7), Potron did explicitly take total population as given. The determination of a satisfactory quantity system consists in computing the output levels, but also in partitioning adequately the population between the different categories of workers and rentiers (vectors x and s). In other words, when the system is fundamentally sound, Potron's solution of the economic malaise involves changes inside a social group (workers of type h become rentiers of type h or vice versa) or changes from one group to another (professors become plumbers, by adopting their aptitudes and their way of life). Potron's answer to the unemployment problem assumes that his opinion on price adjustments ("modifications can be very fast", 1935: 63(129)) can be extended to different jobs and life habits, which is quite surprising in view of his repeated emphasis elsewhere on the importance of "real and concrete economic facts" (1911a: 7(61); 1912a: 300(79); etc.).
CONCLUSION
Potron is difficult to read, because of the gap between his texts and orthodox economics (unusual terminology and notations) and because of the mediocre quality of his exposition (accumulation of variables and equations, implicit or unrealistic assumptions). But once these difficulties are overcome, modern readers cannot but admire the originality and the audacity shown by Potron who, while embedding his reflection within the social doctrine of the Roman Catholic Church, tackled major economic problems (prices, wages, inflation, levels of output, allocation of labour, unemployment). Potron mobilized his mathematical talents to prove the existence of positive solutions in disaggregated linear models, by means of the PerronFrobenius theorems, from 1911 on. He is the very first economist to state explicitly a duality property in these models.
Potron made a distinction between major crises which can only be solved by a change of the economico-social state, and economic malaises which correspond to bad proportions between the variables. To distinguish these two situations, Potron introduced the notion of the characteristic number of an economic system, and compared it with the maximum number of working hours per year. Because in general satisfactory solutions will not arise spontaneously, Potron advocated the creation of a Bureau de Calculs and outlined its tasks, including the construction of a tableau, a sort of comprehensive input-output . Many similar results on nonnegative matrices are explicit or implicit in the classic article by Frobenius (1912) . There is no trace of personal contacts between Potron and Frobenius, but Potron (1911b: 1129-30(63) ) suggested that he was inspired by a hint in an earlier article by Frobenius (1908: 475-6) , and then tried to extend some Perron-Frobenius results on positive matrices to nonnegative matrices, and immediately used the results in his economic model. See Potron's notes (1911b; 1911c) , where he already announced and summarized his forthcoming full articles (1912a; 1913) . In this way, Potron already in 1911 mentioned some extensions, including the distinction between indecomposable and decomposable (partiellement réduite) matrices. Potron knew that eigenvectors of decomposable matrices may generate some zero quantities or prices. He also described a curious "semi-satisfactory regime" where a zero wage is however a just wage, because the corresponding workers need only consumption goods with zero prices (1913: 68-9(117-8) , see also 1912a: 309(87)). Potron remarked that in case of decomposability it is possible to delete "some types of existence" and "results of labour" without affecting the remaining parts of production (1913: 69(118) 27 The economic literature attributes this criterion to Hawkins and Simon (1949) . Many mathematical authors, for example Berman and Plemmons (1994, chapter 6) , attribute the result to Alexander Ostrowski (1937/38 ). Potron's proof in 1937 relies on the LUdecomposition of a matrix, and he thanked Cornelius Lanczos for sending him a complete paper on this topic, extending a short published abstract (Lanczos, 1936) . Actually, the Lanczos abstract describes another sort of matrix decomposition, the complete Lanczos paper has never been published and seems to be lost, and we have found no trace of correspondence between Potron and Lanczos. So the exact nature of the Potron-Lanczos connection remains a mystery. 28 In modern (not Potron's) terminology: the construction of prices can be decentralized. But the argument holds only for an isolated producer who can treat the other prices as given. It does not hold for the determination of the whole price vector. 
